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GLINT  ERRORS  DERIVED  FROM  THE  PARTIAL  DERIVATIVES  OF 
THE  ECHO  SIGNAL  PHASE  FOR  A  DISTRIBUTED  SCATTERER 


1.  Introduction 

From  an  information  transmission  point  of  view,  the  information  carriers  in  a  time- 
varying  signal  are  amplitude,  frequency,  and  phase.  Because  of  the  relationship  between 
frequency  and  phase  the  time-derivative  of  phase  is  frequency  and  time-integral  of  frequency 
is  phase.  The  information  carried  by  frequency  is  also  available  in  the  phase.  Therefore,  we 
are  only  concerned  with  the  information  in  amplitude  and  phase. 

A  time-varying  signal  is  represented  in  the  time-domain  by: 

tff)  «  afr)  e*M, 

where  a(t)  is  the  amplitude  and  <t(r)  is  the  phase  (  or  temporal  phase  ): 

-  2* fc  r+*0(r), 

where  f€  is  the  signal  carrier  frequency  and  4>0(r)  is  the  time-varying  phase. 

A  time-varying  signal  can  also  be  represented  in  the  frequency  domain  by  taking  the 
Fourier  transformation.  In  the  frequency  domain,  the  information  is  carried  by  the 

amplitude  spectrum  a(f)  and  the  phase  spectrum  . 

As  described  in  [1],[2],  and  [3],  the  information  which  can  be  extracted  from  a  point 
scaterer  are 


di(f) 

& 


Range  information 


a$(r), 

de  'f 


Range-rate 


&»(/) 

¥ 


Radial  size 


1/  “  Change  of  radial  profile 

Angular  information  can  also  be  extracted  from  echo  signals  by  use  of  more  than  one 
antenna  element;  for  example,  a  simple  interferometer  with  two  antenna  elements  separated 
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by  d  described  in  [1],  The  phase  difference  &n(d)  or  the  spectrum  of  the  phase 


difference  4>u(/)  between  the  two  signals  received  at  antenna  element  1  and  element  Z 

called  spatial  phase  or  spatial  phase  spectrum,  is  needed  to  extract  angle  and  angle-rate. 
With  spatial  antenna  elements,  the  information  which  can  be  extracted  is 


dd 


Angular  information 


Sf 


ia. i 


Angular  information 


3®tJ(d) ,  dd>u(f) , 

~nr'd •' 


Angular  rate 


3aXd) 

— ,  -  Tangential  profile  information 

dd  1  * 

where  ar(d)  is  the  amplitude  difference  between  the  two  signals  received  at  antenna 
element  1  and  element  Z 

The  amplitude  of  the  radar  echo  signal  also  provides  information  about  the  target 
size,  shape  and  change  of  shape.  The  importance  of  the  phase  has  been  shown  in  signal  and 
image  processing  [4],  Phase  also  plays  an  important  role  in  extracting  radar  information  as 
described  in  this  report.  It  can  provide  the  measurement  of  range,  range-rate,  angle,  and 
angle-rate.  In  this  report,  we  deal  with  information  extraction  from  phase  in  time-domain 
or  phase  spectrum  in  Fourier-domain. 

When  the  maximum  dimension  of  a  target  is  greater  than  the  dimension  of  the  radar 
resolution  cell,  the  target  is  no  longer  a  point  scatterer  and  it  should  be  modeled  as  a 
distributed  scatterer.  Unlike  the  measuring  of  target  information  from  a  point  scatterer,  for 
distributed  scatterers  we  must  take  account  of  the  measurement  errors  caused  by  the  target 
dimension  and  orientation,  which  are  called  glint  errors.  Glint  error  results  in  the  wandering 
of  the  apparent  center  of  the  target. 

A  distributed  scatterer  can  be  modeled  as  N  point  scatterers  as  shown  in  Fig.l.  The 
dimension  of  each  point  scatterer  is  within  the  radar  resolution  cell  [5],  With  this  model  the 
radar  returned  signal  from  the  distributed  scatterer  can  be  calculated  as  the  sum  of  the 
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returned  signal  from  each  point  scatterer. 


In  the  report,  we  only  deal  with  range  profiles,  based  on  a  time-varying  temporal 
signal  from  a  given  direction  as  illustrated  in  Fig2. 


Fig.2  Radar  returned  time-varying  temporal  signal. 
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Assuming  that  the  transmitted  signal  is  a  sinusoidal  wave  of  frequency  fc, 
represented  as 

sj®  -=  a, 

where  at  is  the  amplitude  of  the  transmitted  signal,  and  the  phase  is  taken  to  be  zero, 

then,  the  returned  signal  from  the  distributed  N-point  scatterer  is  the  summation  of  the 
returned  signals  from  each  point  scatterer 

s,(t)  -  sff-T),  (1) 

1-1 

where  art  is  the  amplitude  and  Tt  is  the  time  delay  of  the  returned  signal  from  the  ith 
point  scatterer. 

Let  ar  be  the  amplitude  and  4>,  be  the  phase  of  the  sum  signal  s,(r): 

where  the  phase  4>r  consists  of  two  parts:  one  is  due  to  a  time  delay  from  the  target 

geometric  center  2it/c7’0;  the  other  is  a  phase  offset  4>  due  to  the  dimension  and  the 
orientation  of  the  distributed  scatterer.  We  have 

<Pr  -  -2x/tT0+9.  (2) 

On  the  other  hand,  the  phase  shift  of  the  returned  signal  from  the  ith  point  scatterer 
2nfcTj  also  consists  of  two  parts:  one  is  due  to  a  time  delay  from  the  target  geometric 

center,  2 and  the  other  is  a  phase  offset  from  the  target  geometric  center,  . 
Therefore,  we  can  rewrite  Eq.(l)  as 

a  eia’V-i*r,r,-*)  „  jwj-urfrv 

or 


4 


(3) 


N  _ 
cte>*  ■=  tT‘. 

i~i 


Let  us  separate  the  complex  exponential  function  in  Eq.(3)  into  a  real  part  and  an 
imaginary  part  Then  Eq.(3)  becomes 

N 

aT cos®  =  Eaneos 

i-i 

(4) 

N 

i-i 

(5) 

From  Eq.(4)  and  (5),  the  phase  offset  in  the  sum  signal  sfi) 

as 

SafjsinY/ 

4>  «  arctan-i - . 

SflrfCosT, 

can  be  obtained 

(6) 

Phase  9r  in  Eq.(2)  is  called  the  temporal  phase.  The  temporal  phase  can  be 
represented  in  terms  of  the  target  range  Rq.  If  the  target  is  moving  with  radial  velocity 
Vr,  the  temporal  phase  is 


*,  ‘  2 */« 


+4, 


(7) 


where  c  is  velocity  of  propagation.  The  temporal  phase  spectrum  in  the  Fourier  domain 
is 


®,  =  fT0+Q. 

Similar  to  the  analysis  for  a  point  scatterer  in  [1],  for  the  case  of  a  distributed 
scatterer  the  partial  derivatives  of  the  temporal  phase  can  also  provide  range,  range-rate, 
angle,  and  angle-rate  information  along  with  corresponding  glint  errors. 

The  following  analysis  will  describe  measurements  of  range,  range-rate,  angle  and 
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angle-rate,  and  will  derive  the  corresponding  glint  errors.  The  range  and  angle  glint  errors 
derived  here  are  identical  to  those  results  stated  in  [5].  Exact  expressions  for  range  and 
angle  glint  errors  can  be  found  in  [6]. 


2.  Range  Measurement  and  Range  Glint  Error 

In  the  case  of  a  distributed  scatterer,  the  range  information  can  be  extracted  from 
the  partial  derivative  of  the  temporal  phase  with  respect  to  frequency.  To  resolve  range 

ambiguities,  we  must  use  multiple  frequencies:  /,/2, ...  Taking  the  partial  derivative  of 

the  temporal  phase  spectrum  with  respect  to  frequency  /,  we  obtain  target  range 
information  as  the  following: 


c  d*.  a* 

R  =  — [ — 

4  Jt  df  df 


(8) 


where  the  second  term  represents  the  range  glint  error  which  causes  inaccurate  range 
measurement.  The  range  glint  error  is  determined  by 


A R  - 

4*  df 


(9) 


To  analyze  the  range  glint  error  let  us  use  the  simplest  two-point  scatterer  as  an 
example  as  shown  in  Fig3. 

-^cosa 
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Assuming  the  size  of  the  distributed  scatterer  is  /,  the  orientation  of  the  target  is  a, 

the  range  from  radar  to  the  target  geometric  center  is  R#  the  range  from  radar  to  the 

point-scatterer  1  is  Rv  and  from  radar  to  the  point-scatterer  2  is  then  from  Fig3 

we  know  that  the  range  difference  between  point  1  and  point  2  is  /  sina.  For  the  signal 
returned  from  point  1,  the  phase  offset  from  the  target  geometric  center  is 

Y,  =  =  111  sina.  (10) 

c  X 

In  the  signal  returned  from  the  point  scatterer  2,  the  phase  offset  from  that  of  target 
geometric  center  is 

*  *  -2 sina.  (11) 

1  e  X 

If  the  phase  difference  relative  to  the  phase  at  the  target  geometric  center  and 

returned  from  the  point  scatterer  1,  is  different  from  the  phase  difference  4>2  from  the 

point  scatterer  2,  we  should  add  phase  differences  and  $2  to  the  phase  offset  in 
Eq.(10)  and  (11),  respectively.  Therefore,  the  above  two  phase  offsets  become  : 

Y,  =  2 nfj  <■$,  =  ~l  sina +<!>,,  (12) 

and 

Y,  =  -2n/£i-2£i+<t.j  =  ~l  sina  *$5.  (13) 

e  X 

For  the  case  of  a  two-point  scatterer,  Eqs.(4)  and  (5)  are  reduced  to 

a^cos®  -  a^cosYj+a^cosYj,  (14) 

and 
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a,sin®  -  at!  sin?,+a,2  sin72. 


(15) 


Then  the  phase  offset  becomes 


®  =  arctan 


arl  smT,+art  sinT2 
ar2  cosT,+a,j  cos72' 


(16) 


Taking  the  partial  derivative  of  the  phase  offset  with  respect  to  frequency,  we  have 
d$  2it  l  sina 


4  -  4 


^  c  aj,*art*2atla'fos(4it-jsmct*l$i) 


(17) 


where  8<fr  «  4>,  -$2.  Finally,  the  range  glim  error  can  be  obtained  as 


m  _c_  30  _  l  sins 


4  “  4 


3f  2  a*+2arlarjcos(4xj  sins +840+4 


(18) 


where  l  sins  is  the  radial  projection  of  the  target  length  /. 

Assuming  6<)>  «  0,  we  can  see  from  Eq.(18)  that 

(a)  if  arJ  ■  0,  then  AR  «  (1  sino)/2:  the  range  glint  error  is  induced  by  the  point 
2  and  the  radar  is  tracking  the  range  of  point  2; 

(b)  if  ar2  -  0,  then  A R  -  -(/  sine)/2:  the  range  glint  error  is  induced  by  the 
point  1  and  the  radar  is  tracking  the  range  of  point  1; 

(c)  if  arl  »  ar2  and  cos(4j:/  sina/A)  *  -1,  then  A R  *  0:  the  radar  is  tracking 
the  target  geometric  center; 

(d)  if  arl  -  ar2  and  cosf4n/  sino/A)  -  -1,  then  A R  «  ±“t  the  radar  is  not 
able  to  track  the  target  at  all. 
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Fig.4  shows  the  range  glint  error  varying  with  the  target  orientation  angle  a  .where 


wc  assume  /  -  I  (GHz)  and  l  *  10  (*s). 


Fig.4  The  range  glint  error  varies  with  target  orientation  angles. 


3.  Range-Rate  Measurement  and  Range-Rate  Glint  Error 

The  range-rate  information  can  be  extracted  from  the  partial  derivative  of  the 
temporal  phase  with  respect  to  time.  Only  a  single  frequency  is  needed  for  the  measurement 
of  the  range-rate.  Talcing  the  partial  derivative  of  the  temporal  phase  with  respect  to  time 

r,  we  obtain  the  range-rate  of  a  moving  target: 


v  -  -Lriif-iii 

'  4i  a  a  ’ 


or  the  temporal  Doppler  frequency  shift : 

4 


1 

2*  dt  at  ’ 


(19) 


(19) 


where  the  second  term  is  the  range-rate  glint  error  or  Doppler  glint  error  which  causes 
inaccurate  range-rate  measurement.  The  range-rate  glint  error  is  given  by 
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(20) 


AF  .  Jl5*. 

'  4s  dt 

We  still  use  the  two-point  scatterer  in  Fig.  3  to  illustrate  the  range-rate  glint  error. 


d$ 

To  calculate  we  know  that  in  Eqs.(16),{12)  and  (13)  the  phase  offset  ft  is 

dt 

a  function  of  /  and  a.  Given  a  transmitted  signal  frequency  /  =  fc,  the  only 

parameter  which  could  change  with  time  is  the  target  orientation  angle  a.  Therefore,  we 
can  further  write  the  partial  derivative  with  respect  to  time  as  the  following, 

3ft  _  3ft  3a 
at  da  dt 


Then,  the  range-rate  glint  error  becomes 

AF  -  ^  0$ 

'  Ait  da  dt 


(21) 


Taking  the  partial  derivative  of  the  phase  offset  with  respect  to  the  angle  a,  we 

have 


3ft 

da 


2itlcosa 


2  2  l 

+n,2 +2n,^Jrtcos(4jr — sina + 8  ij)) 


(22) 


and  the  range-rate  glint  error  becomes 

A y  .  _A_3ft  3a  /cosa 

'  An  da  dt  2 


da 


arI  +2arlatfos(4n  -A.  sina  ^  64>)+art 


2  dt 


(23) 


In  Eq.(23),  the  da/dt  could  be  induced  by  two  sources  : 

(a)  the  target  tangential  motion:  from  Fig.  5,  we  can  easily  see  that  due  to  target 
tangential  motion  with  a  cross-range  velocity  Vc,  the  target  orientation  angle  varies  with 
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Fig.5  Target  tangential  motion  and  rotation. 


time  and  satisfies 

da  _  'e 

5r  ‘  R 

(b)  ths  target  rotation  about  its  geometric  center:  if  the  target  rotates  at  an  angular 
rate  <s>,  then 

da 


Therefore,  the  target  tangential  motion  and  target  rotation  can  cause  the  range-rate 
glint  error 


AK, 


/cos  a 


4  -  4 


^  a,J,  +2nfJn,jCcs(4n  yStne  +6$)  +4  ^ 


K 


(24) 


or  the  Doppler  glim  error 
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(24) 


Vd  *  i£“£ _ allA _ (L. 

*  e^+2al.IafjCOs(4)tysiaa+8^)-*a*2  ® 

where  /  cosa  is  the  tangential  projection  of  the  target  length  /. 

Doppler  glint  error  due  to  target  tangential  motion  and  rotation  also  exist  in  1SAR 
(inverse  synthetic  aperture  radar)  image  generation.  Though  target  motion  and  rotation  can 
generate  ISAR  images,  the  tangential  motion  and  rotation  can  cause  a  Doppler  glint  error 
which  can  result  in  distortion  of  the  Doppler  mapping  of  the  target  scatterer. 

Assuming  8<J>  ■=  0  ,  wee  can  see  from  Eq.  (24)  that 

(a)  if  o  =  0  and  if  there  is  no  tangential  motion:  Vc  -  0,  then  the  radar  is 
tracking  the  range-rate  of  the  target  geometric  center; 

(b)  if  there  is  no  tangential  motion:  Vc  «  0,  but  there  is  target  rotation  about  its 

geometric  center,  u  *  0,  then  the  rotation  will  induce  range-rate  glint  error; 

(c)  if  arI  “  0,  then  AV  -  (-F»/?o)(/  ccaa'' '£!'):  the  range-rate  glint  error  is 
induced  by  the  point  2  and  the  radar  is  tracking  th  0.-  rate  of  the  point  2; 

(d)  if  ar2  *  0,  then  AK  »  -(-V,e»f?o)(l  cosa)/(2ff):  the  range-rate  glint  error 
is  induced  by  the  point  1  and  the  radar  is  tracking  the  range-rate  of  the  point  1; 

(e)  if  arl  *  ar2  and  cos(4nf  sina/k)  *  -1,  then  AKr  «  0:  the  radar  is  tracking 
the  range-rate  of  the  target  geometric  center; 

(f)  if  arl  ■  ar2  and  cos(4nl  sina/X)  -  -1,  then  AKr  *  ±«°:  the  radar  is  not 
able  to  track  the  target  range-rate  at  all. 

Fig.6  shows  the  range-rate  glint  error  varying  with  the  target  orientation  angle  a, 
where  we  assume  /  «  1  (GHz),  1  *  10  (m),  R  =  20,000  (m),  Ve  =  340  (m/s),  and 
o=0. 
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Fig.6  The  range-rate  glint  error  varies 
with  target  orientation  angles. 


Fig.7  A  simple  interferometer. 


4.  Angle  Measurement  and  Angle  Glint  Error 

The  measurement  of  the  angle  of  arrival  requires  spatial  phase  or  spatial  phase 
spectrum.  Fig.7  shows  the  geometry  of  a  simple  interferometer  for  measurement  of  angle 


of  arrival. 


The  transmitter  at  the  position  O  transmits  a  signal.  The  returned  signal  at  the 
atenna  1  from  the  target  is 

'  •/****, 

where  Tl  -  (2ff-A/2)/e  is  the  time  delay  at  the  position  A,  A/2  =■  (<#2)8iaf„, 
and  f0  is  the  angle  of  arrival. 

The  returned  signal  at  the  antenna  2  from  the  same  target  is 
sjfr)  -  a/™'1*, 

where  T2  -  (2JJ*A/2)/c  is  the  time  delay  at  the  position  B. 

The  phase  difference  between  the  two  antennas  is  the  spatial  phase,  represented  as 
=  2  itfTj-r,)  =  2«/^i  =  ^-ds fat,  (25) 


To  resolve  angle  ambiguity,  we  could  use  (1)  multiple  position:  dx,  d,.  ...  du  or  (2) 
multiple  frequency.  By  taking  the  partial  derivative  of  the  spatial  phase  with  respect  to 
spatial  position  d,  or  taking  the  partial  derivative  of  the  spatial  phase  spectrum  with 

respect  to  frequency,  the  angle  of  arrival  can  be  extracted 


sin?0 


X 

2  n  dd  ’ 


(26) 


or 


C  5* 
2  ltd  df 


(26) 
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However,  Eq.(25)  is  accurate  only  for  the  case  of  a  point  scatterer.  When  dealing 
with  a  distributed  scatterer,  we  must  modify  Eq.(25)  by  adding  range  glint  errors  at  antenna 
1  and  2. 

We  still  use  a  two-point  scatterer  as  an  example.  For  the  two-point  scatterer,  the 
phase  difference  between  the  two  antennas  becomes 

*u  »  2 nflT2-Tt)  =  in? ♦(**-*,>,  {27) 


where  4,  is  the  phase  offset  at  antenna  1  caused  by  the  distributed  scatterer,  and  42 

is  the  phase  offset  at  antenna  2  caused  by  the  same  reason.  4,  and  42  are  given  by 
Eq.(16).  Therefore,  the  angle  of  arrival  becomes 

1  34,,  i  34,  34, 

sinf  =  — - JrU— [ — - it.  (28) 

2k  dd  2s  a i  dd 


As  shown  in  Fig.8,  the  target  orientation  angle  from  the  antenna  1  is  at  and  from 

the  antenna  2  is  a2.  Angies  a,  and  a2  can  also  be  expressed  in  terms  of  the  target 

orientation  angle  from  the  center  of  the  interferometer  a.  By  geometric  calculation  we 

derive  the  relationship  between  a  and  at  ,  and  the  relationship  between  a  and  a2 
as  the  following 

«.  =  a-fSS^S  (29) 

1  2  R 


and 


a2  =  a  + 


£fcosE0 
2 R  ' 


(30) 
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To  analyze  the  angle  glint  error,  we  need  to  calculate  34>1/8rf  and  39 : jdd. 
Eqs.(16)  and  (29),  for  antenna  1  we  have 

_ 

*  i  “  8TCt2H  _  » 

„+ar3cos7a 


From 

(31) 


where 


Tu  »  yisina,^  “  Yto(“~'~ijr)+<i,u’ 


(32) 


and 


-  — Zsina.-H 


►b  =  y  &»(«-- — W*. 


(33) 


where  <()u  is  the  reflected  phase  change  at  point  scatterer  1  to  antenna  1,  and  <j>,j  is  ths 
reflected  phase  change  at  point  scatterer  2  to  antenna  1. 

For  antenna  2  we  also  have 
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where 


and 


*2 


=  arctan 


flrisiaTai+a.j8in*a 

a,2coS?2!+fl,2co8722‘ 


7m  =  •^•2sinaJ+4.J1  =  ^Lfcan(o+^— 2)^21, 

Tr  =  )+4>g. 


(34) 

(35) 

(36) 


where  <J>21  is  the  reflected  phase  change  at  point  scatterer  1  to  antenna  2,  and  ^  is  the 
reflected  phase  change  at  point  scatterer  2  to  antenna  2. 

Using  the  result  derived  earlier  in  E<}.(22),  we  have 

d*i  „  a*i  da  m  2nfcosg _ 4  -  4 _ 

dd  da  dd  X  ai+ai+2flrjnr2eos(4n|Sma+6<).1)  "  ’  ^ 


and 


9*2  _  8n  _  Ir.lcosa _ an  "  a,i _ 

od  da  dd  X  <J*+a*+2<itJ4r2cos(4*jsina+6(ti2)  2R 


(38) 


where  8<J>,  -  4>u-<J>n  and  54>2  ■=  4>a-4>21. 

Substituting  Eq.(37)  and  (38)  into  the  second  term  of  Eq.(28),  and  assuming 
8<J>,  »  S4>2  *  8$,  we  have 
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X  dga 

2  tt  &Z  ddS 


Icoea- 


a»j  ”  a*i 


cos?0 


,  ,  ;  b 

a, j  +arf  +20,^^005(4*  —  sin  a + 8  (j>) 


(39) 


On  the  other  hand,  because  of  the  error  A  5,  the  angle  of  arrival  becomes 

5  '  S0+AS- 

Applying  the  Taylor  expansion  to  sinf,  we  have 

sinf  =  sin(£0+A$)  =  sm£0+cos(0Af-^-sinl;0(AOJ+...  (40) 

The  first  term  in  Eq.(40)  corresponds  to  the  first  term  of  the  right  hand  side  of 
Eq.(28),  which  is  the  measured  value  of  the  angle  of  arrival.  The  second  term  in  Eq.(40)  is 
the  first  order  error,  which  corresponds  to  the  second  term  of  the  right  hand  side  of  Eq.(28). 
Therefore,  we  obtained  the  angle  glint  error 

,  ,  IcOBCt  ar2  -  arl 

A?  =  - - J - •  (41) 

arl  +a,j+2a,iirtcos(4*  j®011 +84>) 

where  Zcosa/R  is  the  angle  occupied  by  the  target  length  I. 

Assuming  6<j,  =  o,  we  can  see  from  Eq.(41)  that 

(a)  if  arI  «  0,  then  A$  -  Zcosa/Jfc  the  angle  glim  error  is  induced  by  the  point 
2  and  the  radar  is  tracking  the  point  2; 

(b)  if  afJ  *  0,  then  AJ  ■=  -/coss/Jfc  the  angle  glint  error  is  induced  by  the  point 
1  and  the  radar  is  tracking  the  point  1; 

(c)  if  arI  =  ar2  and  cos(4jtZsinet/X)  *  -1,  or  a  »  **/2,  then  A£  »  0:  the 
radar  is  tracking  the  angle  of  the  target  geometric  center; 

(d)  if  a,,  *  ar2  and  cos(4*isina/X)  «  -1,  then  A£  »  t^.  the  radar  is  not  able 
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to  track  the  target  angle  at  all. 

Fig.  9  shows  the  angle  glint  error  varying  with  the  target  orientation  angle  a,  where 
we  assume  /  »  1  (GHz),  R  =  20,000  (m),  and  /  *  10  (ns). 


Fig.9  The  angle  glint  error  varies  with  target  orientation  angles. 


5.  Angle-Rate  Measurement  and  Angle-Rate  Glint  Error 

The  angle-rate  can  be  extracted  from  partial  derivative  of  the  spatial  phase  with 
respect  to  time.  Only  a  fixed  spatial  position  d  is  needed  for  the  measurement  of  the 

angle-rate.  By  taking  the  partial  derivative  of  the  spatial  phase  with  respect  to  time  r,  we 
obtain  the  angle-rate  of  a  moving  target : 

dl  X.  34,,  34,  34, 

o,  =  =  - * - [ — l£+( — 1 - 1)1. 

T  dt  2rtticos50  at  de  dt 

or  the  spatial  Doppler  frequency  shift  of  the  moving  target  is 


(42) 
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f,= 


3®, 


a®,  a® 


2ttcos5, 


St 


-)]. 


(42) 


where  the  second  term  is  the  angle-rate  glint  error  caused  by  the  distributed  scatterer.  Due 
to  the  angle-rate  glint  error,  the  measurement  of  angle-rate  is  not  accurate.  The  angle-rate 
glint  error  is 


i  a®,  a®, 

-[-rr— — 4- 


2nd'cos50  at  at 


(43) 


We  still  use  the  two-point  scatterer  to  illustrate  the  angle-rate  glint  error.  For  a  given 
transmitted  signal  frequency  and  for  a  given  antenna  spatial  position,  the  only  parameter 

which  varies  with  time  is  the  target  orientation  angle  a,,  a2.  Therefore,  we  can  further 

write  the  partial  derivative  of  spatial  phases  with  respect  to  time  as  the  following. 


and 


a®, 

.  5®iaa 

d cos{. 

a*  3(a,+  °) 

oO,  1  2 R 

3®,  3a, 

(44) 

St 

Sa  St 

Sa  St 

Sa  St 

a®2 

_  3*1  Sa 

<fcos(. 
3(a,—  °) 

_  3®j^  2  2 R 

3®2  3a  2 

(45) 

3f  da  St  da 
Then,  the  angle-rate  glint  error  becomes 
...  _  X 


St 


da  3t 


3®j  3ttj  a®,  3a, 

1  —  3a  St  * 


2’tdcos{0  3a  St 


Again,  using  the  result  in  Eq.(22)  and  assuming  5®,  -  S®2  »  6®,  we  obtain 


(46) 


3®J  aetj_3®iaai  =  2nfcosa 
3a  St  3  a  St  X 


a’j+a^+2o,^jf3c°s(4it~sina +i®> 


St 


(Sc).  (47) 


and  the  angle-rate  glim  error  becomes 
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2  2 

.  fcoga  °rl  -  arl  3,.. 

r  °  - 1 - (48> 

'°  a}l+2a,firfos(.4x-j-sma  +&$)+a}2 


where  6a  «  aj-ttj  . 


3(a  1-aI)/dt  is  induced  by  the  target  tangential  motion.  Due  to  target  tangential 
motion  the  difference  of  the  two  orientation  angles  varies.  The  target  rotation  does  not 
affect  the  rate  of  change  of  (a2-a,)  if  there  is  no  target  tangential  motion. 


Given  a  target  range  R,  angle  and  a  target  cross-range  velocity  from 
Fig.  10  we  know 

.  _  <fc°s5o  /AQ\ 


8«  -  aj-a,  =  — 
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Therefore,  by  taking  the  partial  derivative  with  respect  to  t,  we  obtain 


a,.  ,  3,  ,  Vedanl 


(50) 


Substituting  Eq.(50)  into  Eq.(48),  we  have  the  angle-rate  glint  error,  represented  as 


a,2,  +2nf/a,2cos(4R  y  sina + 8  4>)  +a,2 


(51) 


Eq.(50)  tells  us  that  for  a  given  range  R  and  a  given  cross-range  velocity  Vc, 
a(«j-o,)/af  varies  with  the  target  angle  £0. 


Assuming  S$  *  0,  we  can  see  from  Eq.(51)  that 


(a)  if  arI  -  0  and  cosaKtan?0  *  0,  then  A«i>r  = 
glint  error  is  induced  by  the  point  2; 

(b)  if  ar2  *  0  and  cosaKetan!;0  *  0,  then  4ur  = 


Ic osaFetan£ 

I2 


the  angle-rate 


fcosaVctanf0 

R2 


the  angle-rate 


glint  error  is  induced  by  the  point  1; 

(c)  if  arl  *  arJ  and  cos(4u&ina/X)  *  -1,  cosaK,tanE0  *  0,  then  4ur  »  0; 
the  radar  is  tracking  the  angle-rate  of  the  target  geometric  center; 

(d)  if  arl  *  arJ  and  cos(4nisina/k)  -  -1,  cosaVttan$0  *  0,  then  Ao>r  -  ±~; 
the  radar  is  not  able  to  track  the  target  angle-rate  at  all; 

(e)  if  Vc  »  0  or  50  »  0  or  a  *  ±a/2,  then  Aur  -  0:  the  radar  is  tracking 
the  angle-rate  of  the  target  geometric  center; 

(f)  if  -  ±n/2  and  cosaKc  *  0,  then  4ur  -  the  radar  is  not  able  to 
track  the  target  angle-rate  at  all. 
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Fig.  11  shows  the  angle-rate  glim  error  varying  with  the  target  orientation  angle  a  , 

where  we  assume  /  *=  1  (GHz),  R  =  20,000  (m),  l  *  10  (m),  Vc  »  340  (m/s),  and 
Co  “  «/4- 


Fig.ll  The  angle-rate  glint  error  varies  with  a. 


6.  Summary 

As  shown  in  [1,23],  the  echo  signal  phase  provides  information  on  range,  range-rate, 
angle,  and  angle-rate.  In  this  report,  we  described  how  to  measure  the  information  from  the 
partial  derivatives  of  the  echo  signal  phase  from  a  distributed  scatterer.  Unlike  measuring 
target  information  from  a  point  scatterer,  for  a  distributed  scatterer  we  must  take  account 
of  glint  errors  caused  by  the  dimension  and  the  orientation  of  the  distributed  scatterer.  For 
simplicity,  in  this  report  we  used  a  two-point  scatterer  as  an  example  to  calculate  glint 
errors.  TTie  calculation  and  the  result  can  be  generalized  to  a  multi-point  scatterer. 

In  the  case  of  a  distributed  scatterer,  the  range  information  can  be  measured  from 
the  partial  derivative  of  the  phase  with  respect  to  frequency.  To  resolve  range  ambiguities, 
multiple  frequencies  must  be  used.  The  measured  range  of  the  distributed  scatterer  includes 


23 


a  range  glint  error  term 

AR  m  _£_ii  ,  l  sine _ 1  -  P2 _ _ 

**  ^  ^  1  +  p2  +  2pcos(4it  j  sina) 

(  P  =  4/4*  5$  =  0  ) 

which  is  related  to  the  following  factors  : 

(1)  the  wavelength  of  the  transmitted  signal; 

(2)  the  ratio  of  the  amplitudes  of  the  individual  scatterers; 

(3)  the  radial  projection  of  the  target  length,  determined  by  the  orientation 

of  and  the  length  of  the  target;  and 

(4)  the  difference  bet  'en  the  phases  induced  by  each  scatterer. 

The  orientation  of  the  target,  which  is  usually  unpredictable,  will  affect  the  glint 
error.  There  is  no  range  glint  error  if  the  connecting  line  between  the  two  scatterers  ( the 
orientation  of  the  target  )  is  perpendicular  to  the  radial  line  between  the  radar  and  the 
target  If  the  ratio  of  the  amplitudes  of  the  individual  scatterers  is  one,  there  is  also  no 
range  glint  error.  However,  in  general,  range  glint  error  does  exist.  For  a  given  wavelength 
and  a  given  target  size,  the  range  glint  error  varies  with  the  orientation  of  the  target  For 
some  particular  orientations  of  the  target  the  range  glint  error  can  be  too  large  to  track  the 
range. 


The  range-rate  information  can  be  measured  from  the  partial  derivative  of  the  phase 
with  respect  to  time.  The  range-rate  glint  error  term  is 


A  V. 


Icosa 


1  -  P2 


’  ,  l 

1  *  p  +  2pcos(47tysina) 

{  p  =  4/4;  -  0  ) 


V. 

R 


In  addition  to  the  factors  which  affect  the  range  glint  error  mentioned  above,  the  range-rate 
glint  error  is  also  related  to  the  tangential  projection  of  the  target  length,  the  target 
rotation-rate  about  its  geometric  center,  and  the  velocity  of  the  target  tangential  motion.  If 
there  is  no  tangential  motion  and  rotation,  there  will  be  no  range-rate  glint  error.  However, 
when  the  tangential  motion  or  the  rotation  exists,  for  some  particular  orientations,  the 
range-rate  glint  error  couid  be  so  large  that  the  radar  is  unable  to  track  the  rang<*-rate  at 
all.  The  range-rate  glim  error  due  to  tangential  motion  and  rotation  also  exist  in  ISAR. 
Although  the  target  motion  and  rotation  can  generate  ISAR  images,  the  tangential  motion 
and  rotation  could  also  cause  giint  errors  which  can  result  in  distortion  of  the  Doppler 
mapping  of  the  target  scatterers. 
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The  angular  information  can  be  extracted  from  echo  signal  phase  by  making  use  of 
more  than  one  antenna  element;  such  as  an  interferometer  with  two  separated  elements.  To 
resolve  angle  ambiguities,  multiple  positions  of  the  elements  or  multiple  frequencies  may 
be  used.  By  taking  the  partial  derivative  of  the  phase  with  respect  to  position,  or  taking  the 
partial  derivative  of  the  phase  spectrum  with  respect  to  frequency,  the  angle  of  arrival  can 
be  measured.  The  angle  glint  error  is 


R  l  * 

1  +  pJ  +  2pcos(47tysina) 

(  p  -  a'lcfc  S*  -  0  ) 


which  is  related  to  the  following  factors: 

1)  the  wavelength  of  the  transmitted  signal; 

2)  the  ratio  of  the  amplitudes  of  the  individual  scatterers; 

3)  the  radial  projection  of  the  target  length,  determined  by  the  orientation  and 

the  length  of  the  target; 

4)  the  difference  between  the  phases  induced  by  each  scatterer;  and 

5)  the  angle  occupied  by  the  target  dimension,  which  is  the  ratio  of  the 

tangential  projection  of  the  target  length  to  the  target  range. 

When  the  orientation  of  the  target  coincides  with  the  radial  line  between  the  radar 
and  the  target,  there  will  be  no  angle  glint  error  at  all.  For  some  particular  orientations  of 
the  target,  the  angle  glint  error  can  be  too  large  for  radar  to  track  the  angle. 

The  angle-rate  is  measured  from  the  partial  derivative  of  the  phase  with  respect  to 
time.  The  angle-rate  glint  error  term  is 

JcosttKctan£0  1  -  p* 

A  <0  j>  *  ^  ~  ~  • 

R  1  ♦  pJ  +  2pcos(4nysina) 

(  p  =  a^laf3\  «4>  *  0  ) 

In  addition  to  the  factors  which  affect  the  angle  glint  error  mentioned  above,  the  angle-rate 
glint  error  is  also  related  to  the  target  angle  of  arrival,  the  target  cross-range  velocity,  and 
the  target  range.  When  the  orientation  of  the  target  coincides  with  the  radial  line  between 
the  radar  and  the  target,  there  will  be  no  angle-rate  glint  error  if  target  angle  of  arrival  is 
not  very  low.  Otherwise,  for  very  low  angle  of  arrival  or  for  some  particular  orientations  of 
the  target,  the  aagle-rate  glint  error  can  be  such  large  that  the  radar  is  unable  to  track  the 
angle-rate  at  ali. 
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